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Description 

FORMATION OF 
METAL- INSULATOR- METAL CAPACITOR 
SIMULTANEOUSLY WITH ALUMINUM 
METAL WIRING LEVEL USING A 

HARDMASK 

Background of Invention 
[000 1 ] Field of the Invention 

[0002] The present invention generally relates to a method of 

fabricating a metal-insulator-metal (MIM) capacitor, where 
a hardmask is formed over the capacitor and a photoresist 
is patterned above the hardmask, which allows the capac- 
itor and corresponding wiring layer to be simultaneously 
etched through the photoresist, without damaging the 
upper plate of the capacitor. 

[0003] Description of the Related Art 

[0004] Capacitors are widely used in integrated circuit technol- 



ogy. One type of well-known capacitor is the metal-in- 
sulator-metal capacitor (MIMCap). This type of capacitor 
has a lower conductive plate and an upper conductive 
plate separated by a dielectric. When manufacturing 
metal-insulator-metal capacitors, the dielectric and the 
upper plate are patterned on a conductive layer. A pho- 
toresist is then formed over the dielectric and upper plate 
in order to pattern the conductive layer into the lower 
conductive plate. However, the photoresist can sometimes 
be too thin at the corners of the upper plate, which causes 
the corners of the upper plate to be undesirably eroded 
(rounded) during the patterning of the underlying conduc- 
tive layer. 

[0005] | n order to overcome this problem, a thicker photoresist 
could be used. However, as the photoresist becomes 
thicker, the spacing between structures (capacitors, adja- 
cent wiring, etc.) that can be patterned by the thicker 
photoresist increases, which undesirably increases the 
pitch of the wiring. When there is an increase in the pitch 
of the lines (caused by the wider lines and spaces that re- 
sult from the thicker resist), there is a decrease in wiring 
density of that level. This necessitates additional levels to 
compensate for loss in wirability, and makes the technol- 



ogy less attractive and more expensive. 

[0006] Alternatively, this problem can be overcome by moving all 
MIMCaps to a level within the integrated circuit structure 
that already has a wider pitch. However, this is also 
unattractive because it necessitates that there be a wider 
pitch level for designs which have MIMCaps, which again 
adds cost and complexity. 

[0007] The invention described below solves this problem with- 
out increasing the thickness of the photoresist, and in fact 
allows an even thinner photoresist to be utilized. There- 
fore, the invention overcomes the problem of upper plate 
corner rounding without increasing the pitch of the 

wiring. 
Summary of Invention 

[0008] The invention involves a method of fabricating a metal- 
insulator-metal (MIM) capacitor. In this method, a dielec- 
tric layer is formed above a lower conductor layer and an 
upper conductor layer is formed above the dielectric layer. 
The upper conductor layer is first patterned using a pho- 
tolithographic process followed by an etching process. 
The invention then forms an etch stop layer above the up- 
per conductor layer and the dielectric layer, and forms a 
hardmask (silicon oxide hardmask, a silicon nitride hard- 



mask, etc.) over the etch stop layer. Next, a photoresist is 
patterned above the hardmask, which allows the hard- 
mask, the etch stop layer, the dielectric layer, and the 
lower conductor layer to be etched through the photore- 
sist. 

[0009] This etching process simultaneously patterns lower ca- 
pacitor plates and wiring patterns in the lower conductor 
layer. Further, the etching process can comprise a multi- 
step etching process where different etches are used to 
pattern one or more of the hardmask, the upper conduc- 
tor, the dielectric layer, the etchstop, the lower conductor, 
etc. The hardmask protects the upper conductor layer 
from corner rounding during the etching process. 

[0010] a patterned portion of the upper conductor layer com- 
prises an upper plate of the capacitor, a patterned portion 
of the lower conductive layer below the upper plate com- 
prises a lower plate of the capacitor, and a patterned por- 
tion of the dielectric layer between the upper plate and 
the lower plate comprises a capacitor dielectric. 

[0011] The invention can also form dual MIM capacitors by form- 
ing a second dielectric layer above the upper conductor 
layer and patterning a third conductor layer above the up- 
per conductor layer before the hardmask is formed. 



[0012] This methodology produces a MIM capacitor that has a 

lower conductor layer that includes at least one lower ca- 
pacitor plate and at least one wiring level. This structure 
also includes at least one capacitor dielectric above the 
capacitor plate and at least one upper capacitor plate 
above the capacitor dielectric. The invention can use an 
etch stop layer on the upper capacitor plate and a hard- 
mask on the etch stop layer, or the etch stop layer can be 
omitted. The etch stop layer (or hardmask) is located 
along the top and sides of the upper capacitor plate. 

[0013] The hardmask has a pattern matching an etched pattern 
within the lower conductor layer. The lower capacitor 
plate, the capacitor dielectric, and the upper capacitor 
plate form a metal-insulator-metal capacitor. The metal- 
insulator-metal capacitor can be a single metal-insula- 
tor-metal capacitor, or a dual metal-insulator-metal ca- 
pacitor. The dual metal-insulator-metal capacitor would 
include a second capacitor dielectric and a second upper 
plate. In the final structure an insulator layer covers the 
hardmask; however, the hardmask is distinct from the in- 
sulator layer. The hardmask can be chemically distinct 
from the insulator layer or chemically similar, yet struc- 
turally different (being formed in a different process). 



[0014] Further, because the invention uses a hardmask, a much 
thinner photoresist can be used to pattern the hardmask 
and underlying conductor layers. This allows the invention 
to form much smaller features than that could be formed 
with a thicker photoresist. For example, the invention al- 
lows the spacing between wires in the wiring pattern to be 
as small as approximately one-half the height of the up- 
per capacitor plate. 

[0015] Therefore, the invention uses a hardmask to simultane- 
ously pattern the bottom plate of the MIMCap and wiring 
level and can use a thinner resist to pattern the dielectric 
hardmask to the desired fine pitch. The invention uses the 
residual resist from the hardmask patterning to pattern 
the underlying conductive layer because the hardmask 
provides better protection for MIMCap. Further, the inven- 
tion integrates an etchstop with the hardmask to further 
reduce process complexity and cost. Thus, the invention 
simultaneously patterns large structures with significant 
topography and very fine pitch structures, which was not 
possible prior to the invention. 

[0016] These, and other, aspects and objects of the present in- 
vention will be better appreciated and understood when 
considered in conjunction with the following description 



and the accompanying drawings. It should be understood, 
however, that the following description, while indicating 
preferred embodiments of the present invention and nu- 
merous specific details thereof, is given byway of illustra- 
tion and not of limitation. Many changes and modifica- 
tions may be made within the scope of the present inven- 
tion without departing from the spirit thereof, and the in- 
vention includes all such modifications. 
Brief Description of Drawings 

[0017] The invention will be better understood from the following 
detailed description with reference to the drawings, in 
which: 

[0018] Figure 1 is a cross-sectional schematic diagram of a par- 
tially completed integrated circuit structure according to 
the invention; 

[0019] Figure 2 is a cross-sectional schematic diagram of a par- 
tially completed integrated circuit structure according to 
the invention; 

[0020] Figure 3 is a cross-sectional schematic diagram of a par- 
tially completed integrated circuit structure according to 
the invention; 

[0021] Figure 4 is a cross-sectional schematic diagram of a par- 
tially completed integrated circuit structure according to 



the invention; 

[0022] Figure 5 is a cross-sectional schematic diagram of a par- 
tially completed integrated circuit structure according to 
the invention; 

[0023] Figure 6 is a cross-sectional schematic diagram of a par- 
tially completed integrated circuit structure according to 
the invention; 

[0024] Figure 7 is a micrograph showing the distinction between 

the insulator layer and hardmask; and 

[0025] Figure 8 is a flow diagram illustrating a preferred method 

of the invention. 
Detailed Description 

[0026] jhe present invention and the various features and ad- 
vantageous details thereof are explained more fully with 
reference to the nonlimiting embodiments that are illus- 
trated in the accompanying drawings and detailed in the 
following description. It should be noted that the features 
illustrated in the drawings are not necessarily drawn to 
scale. Descriptions of well-known components and pro- 
cessing techniques are omitted so as to not unnecessarily 
obscure the present invention. The examples used herein 
are intended merely to facilitate an understanding of ways 
in which the invention may be practiced and to further en- 



able those of skill in the art to practice the invention. Ac- 
cordingly, the examples should not be construed as limit- 
ing the scope of the invention. 

[0027] a s mentioned above, a MIMCap type of capacitor has a 
lower conductive plate and an upper conductive plate 
separated by a dielectric. Dual MIMCap have the same 
lower conductive plate, dielectric, and upper conductive 
plate, and also include a second dielectric (above the up- 
per conductive plate) and a second upper conductive plate 
above the second dielectric. Both such structures are il- 
lustrated in the following drawings. 

[0028] As shown in Figure 1, a dielectric layer 102 is formed 

above a lower conductor layer 100 and an upper conduc- 
tor layer 104 is then patterned above the dielectric layer 
102. Item 110 represents a substrate. Similarly, for areas 
where the dual metal-insulator-metal capacitor will be 
formed, a second dielectric 106 is patterned and a second 
upper conductor plate 108 is also patterned before the 
first upper conductor plate is patterned. The materials and 
processes used to form these structures are well-known 
to those ordinarily skilled in the art and a detailed discus- 
sion of the same is avoided to focus the reader on the 
salient features of the invention. 



[0029] As shown in Figure 2, the invention then optionally forms 
an etch stop layer 200 (such as a nitride, etc.) above the 
upper conductor layers 104, 108 and the dielectric layers 
102, 106, and forms a hardmask 202 (silicon oxide hard- 
mask, silicon nitride hardmask, etc.) over the etch stop 
layer 200 using any conventional deposition process such 
as thermal growth, chemical vapor deposition (CVD), 
plasma vapor deposition (PVD), etc. Next, as shown in 
Figure 3, a photoresist 300 is patterned above the hard- 
mask 202. As shown below, the hardmask 202, the etch 
stop layer 200, the dielectric layer 102, and the lower 
conductor layer 100 will be etched through the photore- 
sist 300. 

[0030] Any conventional etching process (such as selective reac- 
tive ion etching (RIE)) is then performed to remove por- 
tions of the hardmask 202 stopping partially on, or com- 
pletely through, the etch stop layer 200, as shown in Fig- 
ure 4. This forms openings 402. This process causes 
some erosion of the photoresist 300 as shown by arrows 
400 in Figure 4. The hardmask 202 protects the upper 
conductor layer 104 from corner rounding during the 
etching process. 

[0031] The etch selectivity of the hardmask 202, when compared 



to the photoresist 300, is higher than the etch selectivity 
of the conductor 104, 108 when compared to the pho- 
toresist 300 for typical hardmask etch processes. There- 
fore, a thinner photoresist 300 can be used with the hard- 
mask 202 in place. Otherwise, because of the reduced 
etch selectivity, when etching the oxide 102 or conductor 
100, a thicker photoresist 300 would be needed without 
the hardmask 300 because more of the photoresist 300 
would be consumed in such an etching process. By using 
the hardmask 202, more of the hardmask 202 material is 
consumed and the less of the photoresist 300 is con- 
sumed, thereby allowing the photoresist 300 to be thin- 
ner. When a thinner photoresist is used, smaller openings 
can be patterned, which allows features to be spaced 
more closely, thereby decreasing the pitch of any wiring 
patterns. 

[0032] This etching process can simultaneously pattern lower ca- 
pacitor plates and wiring patterns in the lower conductor 
layer 100. The etching process can comprises a single or 
multi-step etching process where different etches are 
used to pattern the hardmask 202, the upper conductor, 
the dielectric layer 102, the etchstop 200, and/or the 
lower conductor 100, etc. In one example, residual resist 



from the hardmask opening procedure (HMO) in Figure 4 
is used to polymerize sidewalls during the subsequent 
metal etching (in Figure 5) to provide directionality and a 
proper profile. The distinction of how many different 
etching processes are required varies depending upon the 
different materials that are used and upon the different 
types of etching processes that are used. 

[0033] Figure 5 illustrates the structure after etching has been 
completed through the lower conductor layer 100. These 
etching processes create openings 502. Note that the ad- 
ditional etching process further erodes the photoresist 
300 as shown by arrows 500. This etching process may 
even remove some of the hardmask 202; however, the 
upper conductor plates 104, 108 are not affected by the 
etching process and do not suffer from the corner round- 
ing problem that is discussed in the background section. 
This process simultaneously forms the lower conductor 
plates 504, as well as wiring patterns 506 from the lower 
conductor layer 100. 

[0034] a s shown in Figure 6, the invention produces a MIM ca- 
pacitor that has a lower conductor layer 100 that includes 
a least one lower capacitor plate 504 and at least one 
wiring pattern 506. This structure also includes at least 



one capacitor dielectric 102, 106 above the capacitor 
plates and at least one upper capacitor plate 104, 108 
above the capacitor dielectric. The invention can use an 
etch stop layer 200 on the upper capacitor plate and a 
hardmask 202 on the etch stop layer 200, or the etch stop 
layer 200 can be omitted. The etch stop layer 200 or 
hardmask 202 is located along the top and sides of the 
upper capacitor plate. 

[0035] The hardmask 202 has a pattern matching an etched pat- 
tern within the lower conductor layer 100. The lower ca- 
pacitor plate 504, the capacitor dielectric 102, 106, and 
the upper capacitor plates 104, 108 can form either a sin- 
gle metal-insulator-metal capacitor, or a dual metal- 
insulator-metal capacitor. The dual metal-insulator-metal 
capacitor includes the second capacitor dielectric 106 and 
the second upper plate 108. In addition, the etch stop 
layer 200 remains in the structure. 

[0036] | n the final structure an insulator layer 600 (e.g., an inter- 
layer dielectric (ILD)) covers the hardmask 202; however, 
the hardmask 202 is distinct from the insulator layer 600. 
The hardmask 202 can be chemically distinct from the in- 
sulator layer 600 or chemically similar, yet structurally 
different (being formed in a different process). The dis- 



tinction 700 between the insulator layer 600 and hard- 
mask 202 can be seen in micrograph form in Figure 7. 
[0037] The above processing is shown in flowchart form in Figure 
8. More specifically, in item 800, the invention begins by 
forming a dielectric layer above the lower conductor layer 
and, in item 802 an upper conductor layer is formed 
above the dielectric layer. The invention then forms an 
etch stop layer above the upper conductor layer and the 
dielectric layer (804), and forms a hardmask over the etch 
stop layer in item 806. Next, in item 808, a photoresist is 
patterned above the hardmask, which allows the hard- 
mask, the etch stop layer, the dielectric layer, and the 
lower conductor layer to be etched through the photore- 
sist. 

[0038] This etching process simultaneously patterns lower ca- 
pacitor plates and wiring patterns from the lower conduc- 
tor layer 810. The etching process 810 can comprises a 
multi-step etching process where different etches are 
used to pattern one or more of the hardmask, the upper 
conductor, the dielectric layer, the etchstop, the lower 
conductor, etc. The hardmask protects the upper conduc- 
tor layer from corner rounding during the etching process. 

[0039] As explained above, because the invention uses a hard- 



mask, a much thinner photoresist 300 can be used to pat- 
tern the hardmask and underlying conductor layers. This 
allows the invention to form much smaller features than 
could be formed with a thicker photoresist 300. For ex- 
ample, the invention allows the spacing between wires in 
the wiring pattern 506 to be as small as approximately 
one-third the height of the upper capacitor plate (above 
the bottom of the bottom plate). 

[0040] Therefore, the invention uses a hardmask 202 to pattern 
the bottom plate of the MIMCap and wiring level and can 
use a thinner resist to pattern the dielectric hardmask 202 
to the desired fine pitch. The invention uses the residual 
resist from the hardmask 202 patterning to pattern the 
underlying conductive layer because the hardmask 202 
provides better protection for MIMCap. Further, the inven- 
tion integrates an etchstop with the hardmask 202 to fur- 
ther reduce process complexity and cost. Thus, the inven- 
tion simultaneously patterns large structures with signifi- 
cant topography and very fine pitch structures, which was 
not possible prior to the invention. 

[0041] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 



within the spirit and scope of the appended claims. 



